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The purpose of the project was to develop and design activities and materials
to support performance based integrated mathematics instruction for fifth grade
students in the concept areas of place value, decimals, percents, and fractions.

The

activities and materials were prepared in conjunction with other disciplines, namely
reading, writing, art, science, and social studies. The intent was to make mathematics
relevant to real life with stress on student performance as an indicator of knowledge,
understanding, and application. The activities make use of performance based,
integrated, and real life situations, and the materials include technology, field trips,
gaming, manipulatives, recording sheets, and portfolios. The activities and materials
are presented in the form of a handbook.
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CHAPTER I

Introduction

"Education is at once the most intimate and the most far-reaching
of human endeavors. Through education we recall the words of our
parents and touch the hearts and minds of our children. Through
education we interpret nature, build civilizations, and construct the worlds
of art, science, and culture. Education deserves our closest attention and
most sustained reflection. It merits the best efforts of thought we can
supply." (Scheffler, ix)
For centuries philosophers, historians, and educators have sought to define
and evaluate education and its effect on lives. Mathematics, for example, has been
under considerable scrutiny and study for the past ten years. Skills in mathematics
have been considered "basic." According to Scheffler (1991) mathematics forms
habits and judgment that develop character, elevates standards, facilitates
understanding, stimulates curiosity and wonder, fosters style and a sense of beauty,
and visions the unknown.

Of all the disciplines it is the one that most quickly builds

self-confidence in students.
A decade ago a document entitled, "A Nation at Risk" (1985) caused the
attention of the American people to focus more on this nation's schools. The report
encouraged efforts to study and redesign schools in order to make them more
effective. The nation still is engaged in a relentless pursuit for more effective
education. The authors of "A Nation at Risk" reported failure in the home, the decline
of nuturing and motivation, loss of parent support, and reduction of school standards
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and expectations as factors contributing to America's educational decline. According
to Bell (1993) massive efforts are needed to involve parents, neighborhoods, and
communities in shared decision-making about our schools.
First to respond to "A Nation at Risk" was the National Council of Teachers of
Mathematics. Even before the publication of "A Nation at Risk" the NCTM council was
making an effort to produce national standards in school mathematics. They began in
1980 with "An Agenda for Action: Recommendations for School Mathematics for the
1980s."

In 1989 the council developed national standards for mathematics instruction

entitled, "Curriculum and Evaluation Standards for School Mathematics."

These

standards provided a structure for reform movements in mathematics across the nation
and led to the development and publication of "Professional Standards for Teaching
Mathematics" in 1991.
Education in America continues to be a national concern, with presidential
attention and concern focusing on the education of American youth.

Governors

from fifty st~tes made a commitment to education in a 1991 Governors' Report. The
focus of their report concerned the relationship of education to jobs and the state
economies. The report recognized that student populations in schools had changed
and that there were more at-risk children coming from single parent and low income
families. The report further stated that teachers were the crux of education reform and
that reform should include problem solving, creative thinking, and better use of
technology.
In 1994 the Goals 2000: Educate America Act was passed. The law specified

-31. "All children in America will start school ready to learn.
2. The high school graduation rate will increase to at least 90
3. American students will leave grades four, eight, and twelve
having demonstrated competency in subjects.
4. U.S. students will be 1st in the world in science and math.
5. Every adult American will be literate and have the skills of
citizenship.
6. Every school in America will be free of drugs and violence
with a disciplined environment conducive to learning.
7. Teachers will have professional development to meet student
needs.
8. Schools will promote partnerships with parents."
(Lunenburg and Ornslein, 1991)
Prompted by Goals 2000, more than forty-four states began designing
educational systems for the 21st century, the state of Washington being one of the
forty-four.

In 1993 the state of Washington passed an Education Reform Act and

with the passage of House Bill 1209 affirmed four specific educational reform goals.
"Goal 1 : Read with comprehension, write with skill, and
communicate effectively and responsibly in a variety of ways and
settings. Know and apply the core concepts and principle of
mathematics.
Goal 2: Know and apply the core concepts and principles of
the social, physical, and life sciences; civics and history, geography;
arts; and health and fitness. .
Goal 3: Think analytically, logically, and creatively, and to
integrate experience and knowledge to form reasoned judgments
and solve problems.
Goal 4: Understand the importance of work and how
performance, effort, and decisions directly affect career and
educational opportunities." (RCW 28A.150.210)
As a result of the four goals, the Governor and the State Board of Education appointed
an eleven member state body named the Commission on Student Learning. The
Commission was charged to carry out the goals of reform to develop clear educational
standards, to create an assessment and accountability system, and to recommend
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additional steps to help students reach high expectations.
It is widely accepted that parents expect their children to possess basic math
skills and that businesses need employees with thinking and problem solving skills.
They should be able to communicate and work as team members. "Business leaders
report that students with solid basic skills and positive work attitudes are more likely to
find and keep jobs than students with vocational skills alone." (Bennett, 1986, 62)
Future American workers will need to be able to master new technologies and
upgrade their skills to meet specialized job demands and keep pace with change.
"Business leaders stress that the school curriculum should
emphasize literacy, mathematics, and problem-solving skills . They
believe schools should emphasize such personal qualities as
self-discipline, reliability, perseverance, teamwork, accepting
responsibility, and respect for the rights of others." (Bennett, 1986, 62)
The nation needs students who can compete with students from foreign
countries in mathematics and economics. In the face of these needs, the state of
Washington's eleven member commission enlisted the help of educators and
professionals to communicate the intent of the legislature and. challenge school
districts to join the reform movement.

As a result the Commission on Student

Learning in January of 1995 identified in draft form the Essential Learnings for
Mathematics. In January of 1996 the Revised Essential Learnings in Mathematics
were approved by the Commission. Schools of the 21st century in the state of
Washington will be required to show compliance with the state educational goals and
Essential Learnings in Mathematics by the year 2000.

-5Purpose of the Project

The purpose of the project was to develop and design activities and materials to
support performance based integrated mathematics instruction for fifth grade students.
The intent was to make mathematics relevant to real life with stress on student
performance as an indicator of knowledge, understanding, and application.

Definition of Terms

Below in alphabetical order is a listing of terms that will be used throughout the
project.
1) Assessment - the process by which we gather information related to specified
outcomes, purposes, and audience
2) Basic skill - essential ability or proficiency that comes from training and practice
3) Benchmark - a point in time which may be used to measure student progress

4) Calculations - the process of computing in math
5) Collaboration - persons working together
6) Comprehension - a process of constructing meaning from text and understanding
text
7) Drill - the process of teaching by repetition
8) Essential Academic Learning Requirements: (a) statements regarding what a
student should know and be able to do, (b) exit benchmarks for learners in the
K-12 system of the state of Washington, and (c) knowledge and skill in a
subject or discipline that have application to living, learning, and working in the
21st century
9) Field trip - experience in learning outside of the classroom

-610) Integration - the bringing together of two or more curriculum areas. Work that does
not stand alone, but is inter-related and connected
11) Mathematical tools - equipment such as rulers, protractors, manipulatives,
calculators, computers, and software
12) Neuton - a hand-held electronic message pad that loads performance-based
information into a desk-top computer
13) Number sense - to understand or comprehend quantity, units, and sets
14) Performance (based) Assessment - assessment that requires a student to perform
tasks to demonstrate knowledge or skills
15) Performance Based Education Act - ESHB 1209, an education system in which
more emphasis is placed on how well students are learning and less on laws
and rules as to how instruction is to be provided
16) Performance Standards - criteria used to determine whether a student has
successfully learned the specific knowledge or skill being assessed
17) Portfolios - a file folder containing samples of a student's work
18) Problem-solving - behaviors used by a learner to reach a solution
19) Relevancy - relating to the matter athand
20) Roles within a group - assigned roles such as timekeeper, reporter, summarizer,
and leader
21) Standard - an agreed upon level of performance or achievement
22) Technology tools - computers, CD-Rom, information highway, and video
23) Thinking skills - cognitive processes that are used to address an issue,
occurrence, or problem
24) Word problems - math problems involving reading, also known as story problems

-7Limitations

Limitations of this project include:
1. The project activities were prepared by one teacher for one classroom
in one school.
2. The curriculum was limited to the fifth grade and specific mathematical
skills in place value, decimals, percents, and fractions .
3. The criteria for effective teaching activities was based on the research
and opinion of one teacher.
4. This is only the beginning of a collection of materials to assist teachers
in performance based and integrated activities for the classroom.

CHAPTER II

Review of Related Literature

The review of literature and research summarized in Chapter 2 has been
organized to address :
1. The theory in teaching mathematics
2. Current practices in teaching mathematics
(a)

performance based instruction and assessment

(b)

curriculum integration

(c)

curriculum relevant to real-life experiences

.

3. Summary

Theory in Teaching Mathematics

"... successful performance in mathematics rests not only on general
skills but also on general attitudes and traits such as perseverance, selfconfidence, willingness to try out a hunch, and appreciation for exactness,"
(Scheffler, 1991, 73)
Mathematics demands reason, explanation, understanding, and independent
judgment of the pupil. (Scheffler, 1991, 53)

Scheffler believes the teacher should

possess the ability to empower the student and make accurate observations and
analysis of student performance. In addition he believes that relevant understanding

8
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understand it." (Scheffler, 1991, 30)

It would appear that one ingredient of effective

teaching of mathematics is the willingness and active involvement of both student
and teacher. In Scheffler's article, "Philosophical Models of Teaching," teaching is
defined as intentional, goal-oriented activity aimed at the achievement of learning.
It is not conditioning or an indoctrination, but is practiced in a manner which respects
student integrity and capactiy for judgment.

A student should be free to respond to a

set of principles, to exercise cognitive judgment, and to develop rational character.
(Howard, 1995, 3 )
John Dewey (1963) stressed the value of experience in the education
process and the importance of viewing learning as a life-long process. He felt learning
should be practical and extend beyond the classroom into the home and community.
Dewey believed students' individualism should be recognized and honored.
Teachers can recognize signs of learning by keeping track of a child's mental play.
(Dewey, 1963, 137). He valued the quest for answers and believed students should
be actively performing and making choices.

Dewey saw life as a problem solving

process, and the teaching process as involving transaction between the teacher, the
student, and the environment. He saw the teacher as the agent through which
knowledge and skills were communicated.

Dewey believed the immediate and direct

concern of an educator is with the situations in which interactions for learning take
place.

"Mutual exchange and adaptations should take place between the teacher,

- 10 student, parent, and environment for optimum learning to take place."
(Dewey, 1963, 45)
Plato believed that learning took place in dialogue and that what we do should
be for the good of the individual. "Man reaches for knowledge in search of human
excellence ." (Rouse, 1984, 288) Real inquiry for Plato had to be a continuous
process, as learning for us should be a life-long process.

Children and parents

should improve from generation to generation. (Rouse, 1984, 259)
Philosophers such as Scheffler, Dewey, and Plato have influenced the theories
of mathematics and support many of the 20th century practices. These thinkers
affirm performance, continuity, and experiences for the individual beyond the
classroom, and the importance of life-long learning.

Current Practices in Teaching Mathematics
On January 30, 1986, President Ronald Reagan wrote from the White House:
"We Americans have always considered education a key to
individual achievement and national strength . We know that education
begins in the home and flourishes when it draws upon the combined ·
efforts of children, parents, teachers, and administrators. : .I am confident
that with the benefit of such knowledge and renewed trust in common
sense, we Americans will have even greater success in our unstinting
efforts to improve our schools and better prepare our children for the
challenges of today's world." (Bennett, 1986, iii)
A number of individuals have felt that American schools could benefit from the
intellectual structures and teaching styles used in Asia.

One American teacher in

Japan. Matthew Low, was quoted saying, "I have never seen any system so familyoriented, where teachers and students are together as one." (Kristof, 1996, 102)
Ironically, many of these practices: motivation to learn, innovative teaching, problem

- 11 solving, and parent involvement were ideas pioneered here in America. (Stevenson,
1992, 70 )

This thinking caused educators to evaluate past and present practices of

instruction and encouraged teachers to develop new practices and design new
patterns of teaching. Scheffler (1991) believed the single source for improvement of
learning and even for theoretical ideas was the intuitive practice of teachers. Battista
(1994) valued helping teachers understand and believe in mathematics reform since
they would be the implementers.
The national standards in mathematics published in 1989 by The National
Council of Teachers of Mathematics clearly stated what classroom teachers,
supervisors, and college professors in their membership valued in curriculum,
teaching, and assessment. They extended the vision of a significant mathematics
education for every child by recommending that an integrated strand be used to
facilitate learning in:
1. problem solving
2. communication with mathematics
3. development of reasoning skills
4. connections between mathematic disciplines
5. number and number relationships
6. computation and estimation
7. patterns and functions
8. measurement
9. early introduction to algebra, statistics, probability, and geometry

- 12 The authors of this report entitled, "Curriculum and Evaluation Standards for School
Mathematics," stated that students in grades five through eight were just starting to
develop abstract thought.

It was recommended that instruction be in the form of

manipulative use, calculator use, and exploration of resources .
on Standards for School Mathematics, 1989, 2)

(NCTM Commission

Proponents of reform envisioned

classrooms in which students
"have numerous and various interrelated experiences which allow
them to solve complex problems; to read, write, and discuss
mathematics; to conjecture, test, and build arguments about a
conjecture's validity; to value the mathematical enterprise, the
mathematical habits of mind, and the role of mathematics in human
affairs; and to be encouraged to explore, guess, and even make
errors so that they gain confidence in their own actions."
(Battista, 1994, 463)
The classrooms of the future need to give opportunity for explanation and justification.
Both are essential acitivities for members of a community trying to make sense of
mathematics. (Battista, 1994, 466)
Reform in mathematics called for change in content and in the way we view
teaching and learning.

In the years between 1989 and today teachers, parents, and

administrators have been wrestling with the way we view mathematics.

"Historically,

computational skills had been considered the most important part of mathematics for
the masses." (Battista, 1994, 463)
but they alone are not mathematics.

Calculations are indispensable to mathematics,
Over the last decade the situation has changed

dramatically. The major thrust of the reform movement has been the effort to replace
the mathematics-as-computation curriculum with curriculum that includes conceptual
understanding, reasoning, and problem solving as the fundamental goals of
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instruction.

Battista (1994) felt, "Much of the failure in school mathematics is due to

a tradition of teaching that is inappropriate to the way most students learn."

Fiske,

former education editor for the New York Times, concurred with this view in his book,
Smart Schools, Smart Kids.

He stated,

"We have been asking schools to prepare students --- all
students --- for demanding, fast-changing jobs of the future with
rigid structures and teaching methods designed for the factories
of the early industrial age. We have been asking a nineteenthcentury institution to educate people for life in the twenty-first
century."
(Fiske, 1992, 25)
Teachers are challenged to not reduce mathematics to the following of a set of
procedures, to not ignore students' intuitive ideas about making sense of
mathematics, to not impede the development of their mathematical reasoning skills,
and to not devalue the students.
To create classrooms with an intellectual and social climate for student
discussion, reflection, and reasoning, teachers must be trained. Leslie Steffe and
Paul Cobb stated:
"The teacher will be far more successful in accommodating
children's growth in conceptual understanding if he or she has some
notion of what the child's present structures and ways of operating
are."
(Cobb & Steffe, 1988, vii)
Reform requires teachers to have extensive knowledge of how students learn, along
with knowledge of the conceptual advances that students need to make for various
mathematical topics, and knowledge of the processes by which students make these
advances.

For teachers and students to know what the mathematical enterprise is all

-14-

about is vital to any form of change in instruction or assessment.
During the summer, fall, and winter of 1994-95 the document, "Assessment
Standards for School Mathematics," was revised, edited, and produced by the
National Council of Teachers of Mathematics. Producers of this document included
K-12 classroom teachers, mathematics educators, educational psychologists,
mathematics supervisors, and administrators. Their expertise included development
of alternative assessments, research of new assessment procedures, participation in
innovative practices, and involvement with new classroom, school, district, state, or
provincial assessments. During the 1993-94 school year over two thousand persons
reviewed the document. "This document is based on extensive recent research and
developments related to national efforts to reform teaching and learning of
mathematics." (National Council of Teachers of Mathematics, 1995. ix)
The currently emerging "Essential Learnings" in the State of Washington call for
performance based instruction and assessment. Performance based instruction
places an emphasis on specific knowledge and skills and how well students can
demonstrate those skills and knowledge. In May of 1995 the commission mailed out
samples of over seventy tasks developed since September of 1994. These tasks
were prepared by colleagues to help teachers prepare for the new directions in the
State of Washington's educational system that is to be in place by the year 2000. The
packet contained activities to help teachers draw out and diagnose student
performance on the Essential Academic Learning Requirements. The activities were
developed and piloted by Washington State teachers and were strictly practice
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samples of classroom assessment activities. (Bergeson, 1995)
We now know certain things about teaching and learning as a result of the
labors of the scholarly community. (Bennett, 1986, v)

As we restructure

American schools we see the roles of teacher and student changing in the learning
process. A continuim of change is leading us from a traditional school system to a
learning community. By comparison and contrast the structure, teaching and
learning, curriculum, and assessment and accountability would look like this:
Structure
Teacher isolation

Teacher collaboration

Centralized decision making
from top down

Site based decision making
inclusive of faculty and stafff

Parents, business, and others
as visitors

Parents, business and others
as partners and decision makers

External 'expert' staff
development programs

Internal shared
professional development

Teacher role viewed as
time with students

Teacher role expanded to include
planning, decision making, and
other professional duties

Teaching and Learning
Teacher as worker;
student as product

Teacher as leader/facilitator;
student as worker

Students in passive
(instructional) settings

Students in active
(constructional) settings

Isolated competitive
setting for students
and teachers

Cooperative, collegial
settings for students
and teachers

-16"4 Walls" and
40 minutes as classroom

Learning environment flexible
as to time and place

Homogeneous grouping

Flexible, heterogeneous groups

Curriculum
Learning in a 'school only' context

Learning in a life context

Focus on covering content

Focus on understanding concepts

Fragmented separate subjects

Integrated holistic learning

Emphasis on 'knowing'

Emphasis on 'learning'

Standardized content for all

Individualized programs

Assessment and Accountability
Priority placed on
standardized testing

Multiple, authentic
assessment options for students

Evaluative reporting systems
emphasizing 'can't do'

Descriptive reporting systems
emphasizing 'can do'

Judgments based on bell curve

Every child can and will learn

Faculty assessment as
once a year, top down
evaluation

Faculty assessment as
continual, collegial
professional development

School accountability based on
standardized test scores

Accountability measured
by meeting output standards"
(National Education Association)

Three popular current practices in teaching focus on performance based
instruction and assessment , curriculum integration, and curriculum relevant to real life
experience.

- 17 Performance Based Instruction and Assessment:

"Making sure that assessment is integral to instruction should mean that the
information obtained is directly useful for guiding instruction. In short, good
assessment is good instruction. (Webb & Briars, 1990, 117) For Webb & Briars
(1990) continual assessment is particularly important in grades K-8.

Here students

form the foundation for further learning in mathematics. The meaning students assign
to concepts and procedures in the early grades can greatly affect how they will
perceive mathematics in the future.
"We are coming from education where students memorize
information and show what they have learned through quizzes,
tests, and short-answer exams .. . to where students learn how
to apply their learning and show their learning in a variety of ways--portfolios, projects, reports."
(National Education Association)
In the preface to the NCTM Curriculum and Evaluation Standards for School
Mathematics the importance of gathering valid information about student growth and
and achievement is stressed.

Teachers and students need to understand formal

and informal assessment. Formal assessment requires the organization of an
assessment event.

Conventional pencil-and-paper tests provide a picture of a

student's level of performance.

An informal assessment is the collection of

assessment information which coincides with instruction.

Reformers in mathematics

will argue that informal assessment uses less time and provides better quality
information which can be put to immediate use.

It is sensitive to both process and

product, values learning outcomes, and does more than portray a learner's level of
performance. Behaviors such as persistence, systematic working, efficient and

- 18 effective organization, accuracy, conjecturing, modeling, creativity, and the ability to
communicate ideas and procedures clearly are attributes that go beyond mathematical
content.

(Clarke, Clarke, & Lovitt, 1990, 118) Webb & Briars (1990) feel there are

times when it is necessary to record a student's progress or the progress of a class of
students and make a report.

The record can be used to substantiate a fact regarding

a student's or a classroom's learning.

Bartz, Anderson, & Hillman (1994) state, "A

comprehensive assessment program should include both performance and traditional
non-performance assessments, such as multiple-choice and norm-referenced
achievement tests ... Performance assessment works best when it is phased in
gradually and where its usefulness can be demonstrated to and accepted by both
teachers and students."
variety of situations.

On-going assessment provides more information over a

Webb &Briars (1990) suggest a recorded trace is helpful in doing

this. "This trace could be the accumulation in a file of marks on a checklist, brief
comments on a note card, a list of scores, a sample of problems solved, and notes
from other persons, such as other teachers or parents." (Webb & Briars, 1990, 111)
Major uses of assessment information according to Lovitt & Clark (1988)
should be to:
1. improve instruction by identifying areas that need development
2. improve instruction by use of successful strategies
3. inform students of identified strengths and weaknesses in knowledge
and learning strategies
4. inform subsequent teachers of student competencies for adaptation
of their instruction
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5. inform parents of their child's progress so more effective support
may come from them
It is essential that teachers expand their repertoire of assessment strategies so
links are made between assessment, the instruction it reviews, and the instruction it
anticipates.

In their article Clarke, Clarke, and Lovitt (1990) share ideas that have

been implemented in Australian mathematics classrooms.

A wealth of assessment

information can be collected during the instructional process by the use of recording
sheets, gummed labels, electronic memo pads, or checklists of skills and behaviors of
focus .

Assessment opportunities are created through questioning or inquiry. Webb &

Briars (1990) contend that a well-sequenced set of questions is able to help a teacher
determine what a student knows and the steps that can be taken for the student to
develop a new strategy.

Questioning is one of the most fundamental teaching skills

and enables a teacher to monitor meaningful understanding and evaluate student
feedback. Students can be equipped to monitor their own progress with a response
sheet, a portfolio, or journal. Lastly, the Australian Mathematics Curriculum and
Teaching Program (1989) suggested finding test alternatives, such as studentconstructed tests and practical tests.

Both types of tests will enhance motivation, give

immediate feedback , and have a high degree of assessment validity since the skills
are familiar and are assessed as they were practiced .
The major changes in national school practices are challenging states to draft
new student performance plans. Students are being asked to demonstrate mastery.
Pupils are called on to do more than sit through required courses and pass a minimum

- 20 competency test. "Students should demonstrate more directly what they have
learned." (O'Neil, 1992, 1) The State of Washington has chosen to report student
progress by benchmarks, commonly using a rubrics system for performance
evaluation. Students would receive a score of 1 through 4 on each assessment.
Scores for a benchmark would be averaged to obtain an overall score for that
standard. (Kendall & Marzani, 1994)
According to Webb & Briars (1990) scoring can vary from just right or wrong
to holistc and analytic scoring.

Charles, Lester, and O'Daffer (1987) described

analytic scoring as breaking the work into parts, such as understanding a problem, the
strategies used, and the answer obtained. Each part is assigned a score.

Holistic

scoring uses one scale to rate the total solution and answer. Both methods assign
multiple points to reflect the resut obtained and how the result was obtained, similar to
the State of Washington's rubric system of NS-4. When scoring teachers should keep
in mind the scoring scheme used, the records needed, and how the information is to
be reported. Teachers need to determine the range of knowledge they will ' assess:
computation skills, concepts, procedures, problem-solving skills, reasoning skills,
communication skills, or the use of mathematical vocabulary and notations.
Assessment could include one or more of these.
Performance based instruction and assessment requires a change in ways of
thinking and acting for teachers and students.

The teachers should shift authority from

themselves to their students by not focusing on lecturing. Students should be
challenged to formulate questions, plan a scope of work, organize information, and

- 21 share findings with classmates. (Wiske, 1993, 10) Gratification comes to teacher and
learner when students are engaged, understanding more and communicating better.
Wiske (1993) states that students in performance based classrooms will not only
communicate mathematics better but will perform as well on standard tests as students
in traditional classrooms.
Critical to the effectiveness of performance based assessment and
instruction are:
1. objectivity - the assessment tool is free from the bias of the assessor
2. reliability - the level attained by the student should be consistent from teacher
to teacher
3. validity - the tool assesses what was taught
4. usability - the tool is practical enough for the teacher to gain insights about
student performance
5. time - the tool does not take a lot of time to develop or implement
6. referencing - assessments are anchored to pre-determined outcomes
(Bartz. Anderson-Robinson, & Hillman, 1994, 11)
Instructional ideas to promote performance based instruction include the use of
manipulatives, computer software, multiple sensory materials, collaboration, or a
problem box.

Students are able to generate classroom discussion by placing

questions about concepts and investigations in a problem box. Their collaborative
work also gives them opportunity to develop and defend their work. (Wiske, 1993, 8)
Ornstein (1994) cautions teachers that informal assessment methods invite subjectivity
and bias. Teachers need to keep accurate and specific written records that are free of
bias and tempered with common sense.

- 22 Student performance should be frequently and systematically monitored.
Students, parents, teachers, and administrators should identify strengths and
weaknesses in learning and instruction through performance assessment. Student
errors in class can be early warning signals to point out and correct learning problems.
Prompt feedback on performance will improve student motivation and achievement.
Students, teachers, parents, and administrators will be able to determine what
students already know and what they still need to learn by assessing student work in
a variety of ways. These means include essays, quizzes and tests, homework,
classroom questions, teacher comments, and parent comments. (Bennett, 1986, 43)
They might also include simulations, music competitions, science fairs, Olympics of
the mind, and evaulation of student products. (Granger, 1995, 15) Assessments for
Wiske (1993) should include multiple choice items, performance evaluations, openended items, and portfolio sections.

Rath (1990) suggests the use of profiles to

provide a broad picture of the performance of all groups of students across any or all
curriculum areas. Keeping samples of work, checklists, anecdotal notes, and selfassessment records together is an effective way of accumulating an on-going profile.
If students have access to their own files, they can add work themselves and gauge
their own development.
Vital to performance based instruction and assessment are the characteristics
that distinguish it from traditional methods. Teachers, administrators, parents, and
students need to understand these criteria of performance:

- 23 * Direct assessment of desired behavior in context, wherever possible
* A focus of the process and quality of a product or performance
* Assessmet based on a single performance or over time

* Criterion-referenced rather than norm-referenced scoring
* Adaptability to group acitvities
* Judgment criteria clearly understood by students

(Source : U.S. Office of Technology Assessment)

Curriculum Integration:
"We are coming from education where students are
passive receivers of knowledge and information provided by
the teacher. . . to where students are active participants in and
contributors to their own learning."
(National Education Association)
Mathematics is not an isolated subject. It is an integral part of an individual's
daily life and interaction with society.
essential to the human experience."

"Mathematics, is, and always has been,
(Kleiman, 1991, 48)

made advances in understanding the universe.
essential for exploration and navigation.

Along with science, it has

Throughout history, it has been

Mathematics enables man to keep records,

build, predict, create, and communicate. It is a part of our games and sports. Kleiman
(1991) states, "Mathematics has been developed in every culture for the purposes of
counting, locating, measuring, designing, playing, and explaining."
tailor instruction to promote the integration of disciplines.

Schools should

Scheffler (1991) contended

that mathematics was not an island and could easily be linked with other educational
areas.

By using creative thought, a teacher can relate mathematics to other areas of

- 24 the curriculum.

A popular approach to integration has been the use of thematic units.

To instill the idea that no subject is isolated, several subjects use the same theme
during a unit of study. (Gerver & Sgroi, 1992)
Another approach is the Waldorf Approach which uses the arts. This
methodology advocates learning as a cooperative venture and emphasizes the
creative and artistic. "Waldorf teachers use pictorial, creative, and imaginative
techniques even when teaching academic subjects such as mathematics," states
David Mollet (1991) , a freelance writer, lecturer, and educational consultant. This
approach considers the emotional, social, psychological, and physical development of
the child as well as cognitive growth. This is accomplished by students making
pictorial entries into a main lesson book. Students are asked to use their
imaginations, the art of storytelling, drama, and visual images to learn new concepts
and gain experience in calculations. Newly learned content becomes a part of a
child's experience. They take owenership of their learning. Discovery, creativity, and
imagination from the arts motivate and unlock a child's mind to the real world of
mathematics.

(Mollet, 1991, 56)

"Viewing mathematics within the human experience leads to mathematics
teaching that shares many basic principles with the writing process approach,"
states Glenn M. Kleiman, senior scientist at the Education Development Center in
Newton, Massachusetts. Kleiman (1991) asserts that both mathematics and writing
should start with real goals and accomplish real tasks. Learning of specific skills and
facts should take place within the context of these tasks. Mathematics, like writing
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will build on what students already know and do.
into the worlds students create.

Both disciplines bring language

The language mathematics provides for quantifying,

measuring, comparing , identifying patterns, reasoning, and communicating precisely,
like English, can provide a means for understanding, analyzing, and communicating
across the curriculum and throughout students' lives. (Kleiman, 1991, 57) Deficiences
in mathematical areas may reveal new insights into forms and limitations of
comprehension. (Scheffler, 1991, 77)
Mathematics is the most difficult content area material to read because there are
more concepts per word, per sentence, and per paragraph than in any other subject
(Brennan & Dunlap, 1985; Culyer, 1988; Thomas, 1988). It is a complex subject
because of the varied mixture of words, numerals, letters, symbols, and graphics
They require the reader to shift from one type of vocabulary to another.

Often

mathematics textbooks are one to three years above the level of the student readers.
They lack the language skills and development to even relate to the concepts written.
(Braselton & Decker, 1994, 276)

Stephania Braselton' introduced to her fifth grade

class to a technique for improving the reading of mathematics.

She used graphic

organizers. This strategy involved five steps:
1. the student must restate the problem question
2. the student must decide what information is necessary for solving the
problem
3. the student must attend to the necessary mathematical operations and
the sequence in which the operations should take place
4. the student actually performs the calculations necessary for solving
the word problem

- 26 5. the student must review the previous steps in the graphic organizer
and ask if the answer computed is reasonable
The real strength of the graphic organizer is the use of a recording sheet where
students can visually layout and design the elements of the story problem.

After

teaching her students how to read word problems for meaning, modeling the use of
the graphic organizer, and coaching students through guided and independent
practices, Stephania discovered the practice was effective with students of all ability
levels. The organizer was a guide, not a pat formula for solving problems. It assisted
students in the difficult task of determining if a piece of information is necessary to
solve the problem and required them to slow down and think through each problem .
The visual organization helped the problem solving process. Students were required
to express in written language their understanding of a problem and verbalize with oth
students different ways of solving a problem . Some s!udents benefited from the oral
language expression while others benefited from hearing how different students
approached the problem solving process.

Shephard & Ragan (1992) affirm that

language of mathematics needs to be heard, spoken, read, and written.
"Many of the reading strategies that work in content areas
like social studies and science may also be effective in reading
mathematics. Language plays an integral role in the processing
of concepts, and mathematics is no exception. By using strategies
that integrate both language and mathematics skills we can increase
students' abilities to function as independent problem solvers."
(Braselton & Decker, 1991, 281)
Another way to help student learn the language of mathematics is to do a
Word Storm . This is a preteaching activity to familiarize students with specialized
vocabulary. Students work in pairs or small groups and are instructed to search for

- 27information on words given.

Each group has a leader, reader, recorder, and an

assistant if someone needs help. A form could be used for recording their findings.
(Klemp, 1994, 282) .
Reorganizing around outcomes will encourage schools to raise their
expectations and use new strategies such as calculators, computers, games,
cooperative learning teams, portfolios, exhibitions, projects, and on-demand writing
tasks. (O'Neil, 1992, 5)

Bartz, Anderson-Robinson, & Hillman (1994) suggest the

use of essays, experiments, demonstrations, case studies, role plays, and games, too.
Never before has a generation had so much to work with and so many lacking the
skills to use the new technology.

The schools of the 21st century will have a definite

role in making innovations available to students from all socio-economic classes.
Technology such as classroom use of calculators, adding machines, and
computers have a key role in performance based instruction. Steen (1989) believes
calculators are not only tools for evaluation but the use of them will enhance student
comprehension of arithmetic and the mastery of basic skills.
computers are multisensory and highly motivational.

Calculators, like

Chris Heild, a teacher at

Phantom Lake Elementary in Bellevue, Washington, has pioneered "Integrated
Technology Classrooms."

In a video he describes the seven work stations, patterned

after Gardners' seven intelligences, set up in his classroom. Students are allowed to
construct their own knowledge by allowing them to say what they want to learn about a
given subject.

Mr. Heild serves as a coach ind checks off lists of skills which need to

be mastered by each student. The teacher is not the sole source of information.

In an

- 28 "Integrated Technology Classroom" information comes from a lot of different places.
(Young, 1996, video)
Portfolios can also be integrated.

Students and teachers may collect samples

of work from a variety of disciplines as the individual or class studies a thematic unit.
Selections may be included where students have organized their problem solving
ideas on paper for themselves and use symbolic representations in ways that are
meaningful.

(Burns, 1995, 472)

Not only should instructional units provide students

with choices, but students should be able to select what they will place in their
portfolios. Portfolios may also be an excellent resource for teachers to use at parent
conferences.

Some innovative schools are making video portfolios.

(Fiske, 1992,

115)
Mathematical games can be an effective performance tool and may allow
students to gain an increased understanding and better comprehension of a subject
in a highly motivational atmosphere. To play a game successfully, a student must
perform its operations and may demonstrate a higher level of mathematic ability than
expected. (Dunford, 1982)
Curriculum Relevant to Real Life Experience :

"We are coming from education where students compete
for grades, rewards, and recognition, where there are winners
and losers, and where students see the destination as more
important than the journey---as long as you get there, it does
not matter how ... to where students work together in an environment
that encourages winning for everybody and where students learn that
the journey---the continuous process of learning---is as important as
the destination."
(National Education Association)
Mathematics should not be done in isolation, but in a community of problem
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Jo Ann

Mosier, who has a Christa McAuliffe research grant from the state of Kentucky, argues
that "there is no better way to learn mathematics than by working in groups, by argung
about strategies, and by expressing arguments carefully in written form." (Fiske, 1992,
77)

She explains the essentials to the class as a whole and divides the class into

teams, each of which has a planner, observer, taskmaster, and manager. Students
then work collectively to solve problems.

Robert Slavin, who directs the Elementary

School Program in the Center for Research on Elementary and Middle Schools at
Johns Hopkins University states, "There is now substantial evidence that
students working in small .cooperative groups can master material bettter than students
working on their own." (Fiske, 1992, 81 ).

Fiske (1992) reports that brothers and

professors, David and Roger Johnson, of the Universiity of Minnesota completed
eighty original studies on cooperative learning.

Their results showed that children

who learned cooperatively, rather than independently or competitively, learned, felt,
and got along better, increased academic mastery, and were more accepting of others
who were different. "There 's a place for competition in the classroom, the brothers say,
but they believe that far more time should be spent on cooperation." (Fiske, 1992, 83)
The behaviors required for cooperative learning groups prepare students for the
workplaces in the real world. The world of the 21st century will require effective
communication skills and teamwork.
Silva, Moses, Rivers, & Johnson (1990) stated, "an experientially based
curricular process links familiar physical experiences to abstract mathematics."
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(p. 375)

Performance based mathematical curriculums such as Math their Way and

Math a Way of Thinking practice this approach. Students are allowed to explore
with manipulative materials in their environment.
"The type or design of the objects used is not particularly
important; they can be blocks, marbles, poker chips, cardboard
cutouts---almost anything. Students do as well with inexpensive
or homemade materials as with costly, commercial versions."
(Bennett, 1986, 29)
Gradually students are introduced to developmental tasks that lead them from the
concrete to the abstract and symbolic.

A number of studies imply students benefit

from using manipulative materials. (Gilbert and Bush, 1988)

Bennett (1986)

reported that kinesthetic experiences in mathematics and learning from real objects,
takes advantage of a child's cognitive development and provides students with a
foundation for the later development of skills and concepts in mathematics. (p. 29)
The report published by the United States Department of Education in 1986 also
confirmed the fact that "children in the early grades learn mathematics more effectively
when they use physical objects in their lessons." (p. 29)

Objects help a student

visualize and give them a chance to verbalize the language of mathematics. An
outgrowth of the recommendations for the use of manipulatives is the mathematics
laboratory. The purpose of the lab is the same as a science lab, to provide a place
where investigations in mathematics can be conducted and verified using
manipulatives. (Shepherd & Ragan, 1992, 389)
Curriculum has to be practical and show students can use their knowledge in
meaningful ways. (O'Neil, 1992, 5). If a student's experience is relevant to real life
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situations learning is more efffective. They do best in what they are familiar with or
have experience in. If students are given a feeling of competence in dealing with the
real world, learning becomes more relevant and students become more involved in
their own education. (O'Neil, 1992, 1) ·when mathematics is connected to the human
experience, a classroom culture is created that supports collaborative work, discussion
and sharing of ideas, mutual respect for each learner's approach, and student
ownership of their work. The teacher is a facilitator of students' learning and a
participant in using and discussing mathematics. (Kleiman, 1991, 57)
The scholarly community confirms common sense and the need to bring more
of it to American education. "Indeed, the reinforcement these research findings give to
common sense should bolster our confidence that we, as a people, can act together
to improve our schools." (Bennett, 1986, vi)

One way to test common sense is

through estimation.
"Although students need to learn how to find exact answers to
arithmetic problems, good math students also learn the helpful skill of
estimating answers." (Bennett, 1986, 31)
Estimating is a practical skill and can be taught. Students should be able to alter
numbers by making them more manageable. Skills in rounding and place value,
accurate recall of basic facts, and the ability to rearrange steps to make the solution of
the problem easier are keys steps that should be taught to students.
Students who have the opportunity to extend the boundaries of the classroom
by acquiring direct experience with the content and worth of a subject have some
significant advantages. Their range of experience provides opportunities for personal
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Historically there has been

a significant difference between the way in which children solve problems outside of
school and inside of school. (Hiebert, 1989, 39). Schools should empower them to
solve real life problems quickly and efficiently in or out of the classroom .

Summary
The research, literature, and reports reviewed in Chapter II would seem to
indicate the following themes:
1. Theory in teaching mathematics affirms the empowerment of the
students and the willingness for active involvement of both students and teacher.
Mathematics should be practical, integrated, life-long, and extend beyond the
classroom for students to acquire the ability to solve the problems of their day.
2. American classroom teachers are being asked to reform education.
Parents and businesses want higher standards to produce a better "product."
Schools are being challenged to shift from traditional systems to learning
communities.

Classroom teachers are the heart of change.

Those supporting reform

are asking for resources to provide professional development, released time for
planning, curriculum materials, and technology.
3. Students in the State of Washington are being asked to demonstrate
directly what they have learned. Teachers are being asked to systematically monitor
student performance using assessment to drive instruction for student mastery.
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disciplines as no subject is isolated in the real world.
5. Technology and gaming should have major roles in the schools of
the 21st century and assist in the integration of disciplines.
6. If a student's experience is relevant to real life situations learning is
more effective. Personal mathematics and formal mathematics should not be totally
disconnected. Students who have the opportunity to extend the boundaries of the
classroom by acquiring direct experience with the content and worth of a subject have
the advantage of personal academic growth and self-discipline.

CHAPTER Ill

Procedures of the Project
Introduction
The purpose of the project was to develop and design activities and materials to
support performance based integrated mathematics instruction for fifth grade students
The intent was to make mathematics relevant to real life with stress on student
performance as an indicator of knowledge, understanding, and application.

To

accomplish this purpose current literature and research related to theory in the
)

teaching of mathematics and current curriculum and practices in teaching were
reviewed.

In addition the "essential learnings" in Mathematics proposed by the State·

of Washington were studied.
Chapter 3 contains background information describing:
1. Need for the project
2. Development of activities and materials
3. Planned implementation

Need for the Project
Demands are being placed on teachers to implement new techniques in
traditional settings, to teach core concepts through induction rather than
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- 35 memorization, to teach with guided inquiry rather than lecture, and to use open-ended
assessment rather than machine scorable. (Wiske, 1993, 8) Reform movements are
challenging teachers to teach and test in new ways.

Teachers continue to struggle

with questions relating to assessment: what to assess, how to assess it, how to score
the assessment, how to keep track of the results, and how to report results. (Linn &
Baker, 1994, 2)
The impetus for this project came from four sources: 1) Washington State's
mandated Essential Learning in Mathematics,

2) the principles of teaching and

learning based on Thomas Sergiovanni's constructivist research,

3) the writer's need

as a graduate student and fifth grade teacher in the State of Washington, and
4) encouragement and support for the project by the writer's elementary school
principal.
Pursuit of a Masters of Education Degree in Administration caused increased
awareness of the Essential Learnings and their impact on education in the State of
Washington. Graduate study also revealed the compatability and relationship of
Thomas Sergiovanni's principles of teaching and learning based on constructivist
research to the goals set by the State of Washington:
"Learning is a process of ·making sense with the construction
of personal meanings.
Meanings are constructed by comparing existing understandings
and developing connections among ideas, concepts, and blocks of
information.
Learners differ in the time needed to learn the same thing and
in the cognitive processes needed to learn them.
Learners differ in the kind of aptitudes and intelligences they
bring to learning and are predisposed to learn when strengths are
emphasized.

- 36 Knowledge and skills are best learned in situations and under
circumstances that resemble how they will actually be used."
(Sergiovanni, 1995)
As a fifth grade teacher and future administrator this project provided a relevant
and practical opportunity to design activities in line with the state's reform goals and
existing curriculum. It also provided students and a teacher experience in
performance based instruction and assessment.

Development of Activities and Materials
The fifth grade mathematics' curriculum integrated and applied to real life
situations for this project included place value, decimals, percents, and fractions .
Throughout the year mathematics' activities and materials were prepared in
conjunction with the disciplines of reading, writing, spelling, science, art, and
social studies.

Materials were generated by the teacher, students, and staff and

taught in the fifth grade room throughout the entire school year.

Material selection

was also taken from the Heath Mathematics Connection text and resource program . .
Student teachers, colleagues, and professors shared materials and resources for
this collection.

Assessment and instruction addressed the Essential Learning goals

and included portfolios for student record-keeping of mastered mathematical
knowledge and skills.

Portfolios included samples of performanced based and

standardized assessment.
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Planned Implementation
The developed materials were used by the teacher and assembled into a
handbook for use by other fifth grade teachers.

The handbook contents include the

yearly fifth grade curriculum units, a copy of the state of Washington Essential
Learnings in Mathematics, and samples of performance based activities in place
value, decimals, percents, and fractions integrated into and spanning the year's
curriculum and providing students with real-life applications.

Use and development

of the handbook is on-going and evolving throughout the school year with the
handbook being assembled close to the end of the year for completion of my Master's
Project.

CHAPTER IV

Planned Activities and Materials

The planned activities and materials which were the subject of this project are
presented on the following pages in the form of a handbook.

)
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CHAPTERV

Summary, Conclusions, and Recommendations

Summary

The purpose of the project was to develop and design activities and materials
to support performance based integrated mathematics instruction for fifth grade
students. The intent was to make mathematics relevant to real life with stress on
performance as an indicator of knowledge, understanding, and application. To .
accomplish this purpose current literature and research related to theory in the

)
teaching of mathematics and current curriculum practices in teaching were reviewed.
In addition the "essential learnings" in Mathematics proposed by the State of
Washington were studied and provided the framework and impetus for this project.

Conclusions

Conclusions reached as a result of this project were:
1. Educational reform is an evolving process that depends heavily on the
individual classroom teacher.
2. Changes in education take time and must include professional teacher
development and the necessary supportive resources.
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implementing innovative learning experiences.
4. Making changes is a risky business, as it takes courage to face the
unknown.

The opportunity to be misunderstood and judged is ever-present when

trying new approaches.
5. Designing and planning performance based, integrated, real life tasks for
students is time consuming and challenging.

However, seeing the rewards of student

involvement and academic growth makes it a worthwhile effort.
6. Students are a valuable asset in the educational change process. They are
motivated by technolgy and have a limitless supply of real life ideas.

Recommendations

The following recommendations are suggested as a result of the project:
1. Teachers n?ed to understand the philosophy behind reform and help
educate their community, school board, district administration, parents, staff, and
students on the need for improved instruction and higher standards.
2. Federal, state, and local resources should be available to support:
a) extended training for staff, b) follow-up sessions, c) release time for school
visitations, d) joint planning time, e) inservice, and f) classroom technology.
3. Teachers should be encouraged to work together to align curriculum to the
State of Washington's Essential Learnings and to develop performanced based

- 41 instructional and assessment materials which are thematic and relevant to real life.
4. Teachers need to work together on activities, share materials, and include
parents in the planning and preparation of classroom materials.
5. Students should be encouraged to be actively involved in the planning and
creating of materials for the classroom.
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